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Patented July 3, 1934 

UNITED STATES 

1,965,405 

PATENT OFFICE 
1965,405 

ACOUSTIC DEVICE 

David G. Blattner, Mountain Lakes, N. J., as 
signor to Be Telephone Laboratories, incor 
porated, New York, N. 
York 

Y., a corporation of New 

Application February 28, 1933, Serial No. 658,939 
9 Claims. 

This invention relates to acoustic devices and 
Inore particularly to high quality Sound re 
producing apparatus including a plurality of loud 
speakers each of which is adapted to reproduce 
a limited band of frequencies in the audio-fre 
quency range most efficiently. 
One object of this invention is to reproduce 

Speech and music efficiently and faithfully and 
with uniform distribution over a large Solid angle. 

In sound reproducing devices, it is known that 
the Solid angle over which uniform sound dis 
tribution can be obtained is dependent upon the 
dimensions of the sound radiating element and 
upon the range of frequencies reproduced thereby. 
At the lower frequencies, the wavefront of a Sound 
radiating element is substantially hemispherical. 
At higher frequencies the wave front becomes 
very nearly planar. Hence, for a radiator of a 
given diameter the angle of distribution de 
creases as the frequency increases. For a given 
frequency the angle of distribution increases aS 
the diameter of the sound radiating element is 
decreased. Although, therefore, good distribution 
can be obtained with a reproducing device, such 

5 as a loud speaker, in which the dimensions of the 
radiating element, such as a diaphragm, are Small 
in comparison with the wave length of the Sound 
propagated, it has been found that such a relation 
is not favorable from a standpoint of efficiency 
and unifornity of response. 
In accordance with this invention, a plurality 

of sound reproducing devices are utilized, each 
of which is adapted to reproduce a limited band 
of frequencies most efficiently, the upper and 
lower frequency limits of the bands being SO Se 
lected and correlated that a uniform performance 
is obtained throughout the entire range of fre 
quencies of speech and music it is desired to re 
produce. The sound radiating elements of the 
several reproducing devices are so constructed 
and proportioned that these elements are sub 
stantially uniformly non-directive at correspond 
ing frequencies in the bands reproduced thereby. 
The invention will be understood more clearly 

and fully from the following detailed description 
with reference to the accompanying drawings 
in which: 

Fig. 1 is a diagrammatic front view of a sound 
reproducing apparatus illustrative of one embodi 
ment of this invention; 

Fig. 2 is a view along line 2-2 of Fig. 1 and 
showing schematically an electrical filter asso 
ciated with the several reproducers; 

Fig. 3 is a diagrammatic front view of another 

(Cl. 181-31) 
embodiment of this invention in which the several 
reproducers are coaxially disposed; 

Fig. 4 is a Side View of the apparatus ShoWn 
in Fig. 3; 

Fig. 5 is a front view of another embodiment 
of this invention in which one reproducer is 
mounted within a short horn Orbaffle to which the 
Sound radiator of another reproducer is acous 
tically coupled; and 

Fig. 6 is a CrOSS-Sectional view along line 6-6 
of Fig. 5, and showing schematically an electrical 
filter associated with the several reproducers. 
The sound reproducing apparatus shown in 

Figs. 1 and 2 comprises a panel or bafile 10 having 
a plurality of apertures therein. A plurality of 
Sound radiators 11, 12 and 13 are associated each 
with corresponding apertures in the panel or 
baffle 10 and may be connected to the panel by 
flexible annuli 14, 15 and 16 which form acoustic 
Seals between the radiators and the panel to 
prevent interference between the sound waves 
propagated by opposite surfaces of the radiators. 
Each of the radiators is connected to a corre 
Sponding one of the actuating units 17, 18 and 19 
which may be of the armature, moving coil, or 
other Suitable type. The radiators and actuating 
units are preferably designed to be equally effi 
cient over different bands of frequencies within 
the audio-frequency range. For example, the 
radiator 11 and actuating unit 17 may be designed 
to reproduce the high frequencies most efficiently; 
the radiator 12 and actuating unit 18 to repro 
duce the intermediate frequencies most efficient 
ly; and the radiator 13 and the actuating unit 19 
to reproduce the lower frequencies most efficient 
ly. The actuating units 17, 18 and 19 may be 
Suitably connected each to a corresponding chan 
nel of a multi-channel electrical filter 20, which 
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in turn is connected to a suitable source such as 
an amplifier. 
In order to obtain a uniform Sound distribu 

tion from the several reproducers, it has been 
found that a definite relationship should exist 
between the dimensions of the sound radiators 11, 
12 and 13. For a circular sound radiator, the 
Solid angle over which substantially uniform 
Sound distribution can be obtained may be ascer 
tained from the equation: 

(1) 

Where 
6 is the solid angle of distribution, 
D the diameter of the sound radiator, 
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f is the highest frequency in cycles per second 

to be propagated by the radiator, 
N is the velocity of propagation of Sound. 
For radiators of other than circular form, Equa 

tion (1) may be used to compute the angle 0 by 
determining the diameter of a circle having an 
area, equal to that of the radiator in question and 
using the value of this equivalent diameter for D 
in the equation. 
From Equation (1), it will be seen that the same 

angle of distribution can be obtained for a plu 
rality of different radiators, if the product Df of 
the diameter of any radiator and the highest fre 
quency to be propagated by that radiator is a con 
stant for all of the radiators. That is, algebraic 
ally expressed: 

In a specific embodiment, for example, the 
highest frequency to be reproduced by the radia 
for 1 i may be 15,600 cycles and the desired Solid 
angle of distribution may be .66. From Equation 
(1) it follows, therefore, that the diameter of the 
radiatol 11 should be about 2.3. The highest 
frequency to be propagated by the radiator 12 
may be 3,000 cycles, and the diameter of the 
radiator should be, therefore, in accordance with 
Equation (2) 

15600 
D=2.3X 3000 

or approximately 12'. Similarly, if the highest 
frequency to be propagated by the radiator 13 
were to be 575 cycles, the diameter of this radiator 
Should be 

5600 
575 

In apparatus such as shown in Figs. 1 and 2, in 
Which the diameters of the radiators are con 
sidered above, the filter 20 should be designed 
With three channels, one to pass the band from 
3,000 to 15,600 cycles and connected to the actu 

D=2.3X or 62.5'. 

ating unit 17, one to pass the band from 575 to 
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3. 

3,000 cycles, and connected to the actuating unit 
18, and another to pass the band up to 575 cycles 
and connected to the actuating unit 19. It is to 
be understood, that So far as this invention is con 
Cerned, it is not necessary to provide a filter to 
divide the energy between the different driving 
elements but is described here to show how to 
proceed in order to obtain maximum efficiency of 
the different reproducing devices within their re 
Spective frequency bands. 
Although in the Specific embodiment illustrat 

ed in FigS. 1 and 2, three radiators are employed, 
it will, of course be understood that a greater 
Or lesser number could be employed within the 
Scope of this invention. For example, a fourth 
radiator could be utilized, and adapted to repro 
duce most efficiently between say 21 and 110 cy 
cles. The diameter of this radiator would be 
about 325'. In this case the radiator having a 
diameter of 62.5' would be effective between 110 
and 575 cycles. 

It is to be understood, furthermore, that the 
frequency values and the angle of distribution 
chosen above are merely illustrative of this in 
Vention. Obviously, a large variety of other 
Values could be used depending upon such factors 
as the range of frequencies to be reproduced, the 
Space requirements, the characteristics of the 
individual radiators and actuating units to be em 
ployed, and others. Likewise, although the ra 
diators of the apparatus shown in Figs. 1 and 2 

1,965,405 
have been described as flat and circular, it will 
be understood that they may be of other geo 
metrical form. Such as polygonal Ol' elliptical, and 
may be conical or otherwise dished. 

t Will be understood also that the radiators 
may be proportioned, if desired, that they have 
the Same angle of distribution at other than 
the respective highest frequencies propagated 
thereby. For example, the radiators may be so 
proportioned that they are uniformly non-direc 
tive at the mean frequencies of the bands propa 
gated or So that the product of the diameter, or 
equivalent diameter, of any radiator and a fre 
quency within the band translated thereby is 
equal to the product of the diameter, or equiva 
lent diameter, of any other radiator and a cor 
responding frequency in the band translated by 
each other radiator, the several frequencies being 
the same per cent of the maximum frequency 
translated by the respective radiators. The great 
er the percentage is, the greater will be the range 
Of frequencies propagated through the angle de 
Sired. 

FigS. 3 and 4 show another embodiment of this 
invention, employing a plurality of moving coil 
actuated loud Speakers 21, 22 and 23. The dia 
phragms 25 and 26 in the loud speakers 21 and 
22, respectively, are frusto-conical and axially 
aligned, the loud Speaker 22 being disposed with 
in the diaphragm 25 of the loudspeaker 21. The 
loudspeaker 23, which may also be disposed with 
in the diaphragm 25 comprises a dished or coni 
cal diaphragm 27 which is axially aligned. With 
the diaphragms 25 and 26, and a Small horn 28, 
which may be exponentially flared, and designed 
to pass the particular band of frequencies to be 
radiated by the diaphragm 27 most efficiently. 
The loud Speakers may be designed to reproduce 
individual bands of frequencies most efficiently 
and may be associated with corresponding chan 
nels of an electrical filter in the same manner as 
shown in Fig. 2. Diaphragms 25, 26 and 27 are 
proportioned in accordance with Equations (1) 
and (2) as pointed out in greater detail in the 
description of the embodiment of this invention 
shown in Figs. 1 and 2. 
Although three diaphragms of general conical 

form are shown in FigS. 3 and 4, it will be under 
stood that a greater or lesser number of dia 
phragms could be used and that the diaphragms 
might be of other forms without departing from 
the scope of this invention. 
Another embodiment of this invention shown in 

FigS. 5 and 6 includes a high frequency loud 
speaker 29 adapted to reproduce the higher fre 
quencies of speech and music most efficiently and 
a low frequency loud speaker 30 which is de 
signed to be most efficient throughout the lower 
portion of the audio-frequency spectrum. The 
loud speakers 29 and 30 are connected with cor 
responding channels of a filter 31. The low fre 
quency loud speaker 30 comprises a large frusto 
conical diaphragm 32 acoustically coupled to the 
throat of a short horn or baffle 33 which may be 
fared exponentially away from the diaphragm. 
The loud speaker 29 comprises a relatively small 
diaphragm 34, acoustically coupled to a Small 
horn 35, which may also be of the exponentially 
flaring type. The loud speaker 29 may be sup 
ported from the short horn or baffle 33 by a strut 
36 which is Secured to a flange 37 on the hon 
or baffle 33. The diaphragms 32 and 34 may be 
axially aligned, although they need not be so, 
and are proportioned in accordance With Equa 
tions (1) and (2) SO that the angle of distribu 
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1,965,405 
tion for both the loud speakers is the same at 
corresponding frequencies in the bands repro 
duced thereby. 
What is claimed is: 
1. An acoustic device comprising a plurality 

of Sound radiators each adapted to translate a 
separate band of frequencies within the audio 
range, the product of the equivalent diameter 
of any radiator and a frequency within the band 
translated thereby being equal to the product 
of the equivalent diameter of any other radia 
tor and a frequency in the band translated there 
by, said frequencies being the same per cent of 
the maximum frequency translated by the ra 
diators corresponding thereto. 

2. An acoustic device comprising a plurality 
of Sound radiators each adapted to translate a 
separate band of frequencies within the audio 
range, the product of the equivalent diameter 
Of any ladiator and the maximum frequency 
which said radiator is to reproduce being Sub 
stantially equal to a similar product for each of 
the other radiators. 

3. An acoustic device comprising a plurality 
of circular sound radiators each adapted to 
translate a separate band of frequencies within 
the audio range, the product of the diameter of 
one radiator and the maximum frequency said 
radiator is to translate being substantially equal 
to the product of the diameter of each of the 
other radiators and its corresponding maximum 
frequency. 

4. An acoustic device comprising a plurality 
of diaphragms of different sizes each adapted to 
translate a separate band of frequencies within 
the audio range, said diaphragms being coaxially 
disposed and having the same angle of distribu 
tion at corresponding relatively high frequencies 
in the frequency bands translated thereby. 

5. An acoustic device comprising a plurality 
of coaxial diaphragms of different sizes and 
adapted each to reproduce a particular band of 
frequencies of importance in speech and music, 
the product of the equivalent diameter of the 
diaphragm and the highest frequency to be re 
produced thereby being substantially the same 
for all of Said diaphragms. 

6. An acoustic device comprising a plurality 
of loud speakers each including a diaphragm 
and actuating means for the diaphragm, each 
diaphragm being adapted to reproduce a par 

3 
ticular band of frequencies in the audio range 
most efficiently, the highest frequency reproduced 
by One diaphragm being Substantially equal to 
the lowest frequency reproduced by another dia 
phragm, said diaphragms having Substantially 
the same angle of distribution at the highest fre 
quencies reproduced thereby. 

7. An acoustic device comprising a plurality 
of coaxial dished circular diaphragms of differ 
ent sizes, each of Said diaphragms being adapted 
to reproduce a particular band of frequencies 
within the audio-frequency range most efficient 
ly, the highest frequency in the band reproduced 
by One diaphragm being Substantially equal to 
the lowest frequency in the band reproduced by 
another of said diaphragms, the product of the 
diameter of the diaphragm and the highest fre 
quency reproduced thereby being substantially 
the same for all of said diaphragms. 

8. Sound reproducing apparatus comprising a 
flaring baffle, a diaphragm acoustically coupled 
to one end of said baffle, a loud speaker within 
said baffle including a horn directed in the same 
direction as said baffle, a diaphragm of Smaller 
Size than said first diaphragm acoustically cou 
pled to said horn, said diaphragms being adapt 
ed to reproduce separate bands of frequencies 
of importance in speech and music, and having 
Substantially the same angle of distribution at 
corresponding relatively high frequencies in the 
bands reproduced thereby. 

9. Sound reproducing apparatus comprising a 
flaring baffle, a large diaphragm acoustically cou 
pled to the Smaller end of said baffle, means for 
actuating said diaphragm, a loud Speaker within 
said baffle including a horn flaring in the Same 
direction as said baffle, a relatively Small dia 
phragm acoustically coupled to the throat of 
Said horn, and actuating means for Said Small 
diaphragm, said large diaphragm and the actu 
atting means therefor being adapted to reproduce 
only a band of frequencies in the lower portion 
of the audio range, said Small diaphragm and 
the actuating means therefor being adapted to 
reproduce a band of high frequencies extending 
from the highest frequency reproduced by said 
large diaphragm, and said diaphragms having 
substantially the same angle of distribution at 
the highest frequency in the bands reproduced 
thereby. 

DAVID G. BLATTNER. 
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